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The TAO/TRITON Array

To provide real-time atmospheric and ocean data for
improved detection, understanding and prediction of weather
and climate, especially El Nino and La Nina

TAO/TRITON Array
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- 55 TAO buoys and 4 Acoustic. Doppler Current Profiler sites
- 12 TRITON buoys and 1 ADCP site (JAMSTEC)




History

— . e

Pacific Marine Environmental Laboratory (PMEL)
built and serviced the TAO array

PMEL directed to transition TAO Array to NDBC

NDBC began data management (Operational website
2006)

NDB icians began servicing the TAO array in
2! continues to provide sensors and

payload. Sensorsare obsolescent.
NDBC Refresh testlng began in 2007
~ Laboratory sensor testlng Sr i
*”r
Field system testing®-.~ ,e,,saw
Comparison testing in the"l‘A&
Operational Capablhty éxﬁec in 2015




TAO System Components

Wind Sensor

Compass

Air Temperature/Relative Humidity Sensor

Sea Surface Conductivity and Temperature
face Temperature and Temperature/

"Kc ustic Reléase
« CPU/Datalogger
Commgnlcatloas"lrldlum Short Burst in

place of ARGOS n::;mls&iens (10 mlnute
data every hour)” —~ Z 7% & p
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Sensors

TAO Legacy

RM Young 05103
Anemq

~ Rotronic MP-101 Air
Temperature/Relative. .
~_Humidity & |

NX ATLAS SSC Module?l' ”Seaﬁifd_
NX ATLAS TP Module

TAO Refresh

RM Young 05103
Anemometer

Sparton SP3003D
Compass

“Rotronic MP-101A Air

Temperature/Relative
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Climate Principles

1. Management of Network Change
Parallel Testing
Meta Data
a Quality and Continuity
vironmental Assessment

. H|stor|cal Slgnlflcance
= Complementar& Data
Climate Requiren nt's 27

. Continuity of Purpose’ "’f y -
10 Data and Meta Data- A%gss

NRC (1999) recommended prmmples proposed by Karl, et al. (1995)
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Comparison Tests

 Laboratory Tests

— Ocean sensor/transmission test

 Buoy System Tests

— Refresh buoy at 14N 46 W near PIRATA buoy
- & fresh buoys near Buoy 42040 in Gulf of

=

~ Two refresh buoyé in western Gulf of Mexico

« Comparisons — Field side-by-side tests
7 —TRefresh buoy co- -located with 9N 140W (P)
— Refresh buoy coﬁeated with 2S 14 W (P)

— 7 refresh buoys co-located ati
165E; 8S 165E; 8N 180722S 180 ;
170W 2N 170W 8N 155W; 55 140W: 5N140W
and 00 140W (qux site) “




Sensor Laboratory Tests (CT
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Sensor Laboratory

Dzlayed-Mode Inductive Modemn Water Temperature

ater Temperature Comparison
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Buoy System Test

Wind Speed

= 1.00 5P = 0.95
rms diff = 0.35°C N . rms diff = 0.86 m/s
max diff = 2.65-C <o max diff =  7.40 m/s
mean diff = -0.11 °C IR & mean diff = -0.11 m/s
min diff = -2.81°C C S min diff = -7.60 m/s
slope = 1.00 R slope = 095

= -0.02-C - bias = 020m/s

= N = 12738

bias
N 16050

Air Temperature

8 10
42A70 (m/s)
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Buoy System Test

CTD Cast On-site 42670, 04 January 2007, 1300 UT
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Comparison Tests

Deployed 22 Sep |

TAB(TRITON Array proviously
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TAQO Refresh Deployments

9N 140W 26 Sep 2007 — 5 May 2008
2S 140W 03 Oct 2007 — 11 May 2009
2S 140W 12 May 2008- 27 Oct 2009

Year 2009 2010
Month AP MY |UN JL AU SE OC NO |DE |JA FE MR AP MY |JN JL AU
8N180 PM819 ﬁ"/’ W
REFRESH
2S165E PMB23
REFRESH ' '
5S170W PM8B16 e
REFRESH
REFRESH ;ﬁf

8S165E PMB24 e
REFRESH
REFRESH

8N155W 2L/IF8F128H ////////////////
v e _

— e &
2S170W EE/IEFZESH ZZ ///////////?;///
e L

5N165E  PM820 S ,;’f
PM874
REFRESH S /

REFRESH

Gl ¥ e /////////////




TAQO Refresh Deployments

Buoy Successful Transmissions
5N 140W 99.6%
00 140W 98.9%
5S 140W 99.2%
8N 155W 99.2%
2S 170W 99.5%
5S 170W 99.1%

8N 180 98.7%
2S 180 99.8%
5N 165E 98.1%
2S 165E 99.3%
8S 165E 99.1%

From deployment date through 9 May 2010.




2S 140W
Meteorology Parameters

Parameter Mean Standard Variance
Refresh/l_egacy Deviation RefreSh/
Legacy
Wind Speed (a) 6.69/6.70 1.54 /1.52 0.227
Wind Direction (a) 266.96 / 266.21 19.78 /16.13 104.42
Air Temperature (a) | 24.059/24.219 0.98/0.98 0.020
Wind Speed (b) 6.27 / 6.38 1.60/1.56 0.351
Wind Direction (b) 268.14 / 274.29 32.52 / 36.56 182.17
Air Temperature (b) | 26.721/26.579 0.62/0.55 0.380




2S 140W
Meteorology Parameters

Parameter Mean Difference | Slope/lntercept | Regression
Wind Speed (a) 0.042 0.9141/0.2477 0.95
Wind Direction (a) -0.754 1.0509/-12.7877 0.86
Air Temperature (a) 0.141 1.0013/-0.1739 0.99
Wind Speed (b) 0.129 0.9534 /0.1932 0.93
Wind Direction (b) 7.984 0.8284 / 39.8069 0.80
Air Temperature (b) -0.142 1.0679 / -1.6626 0.95




Statistics for 9N 140W Field Test
Daily Averaged Data

Depth (m) Mean Linear Regression
Difference Regression Coefficient
(slope/intercept)
1 Conductivity | 0.2178 mS/cm 1.006 / 0.196 >0.99
1 Temperature 0.0003 C 1.002 /0.046 >0.99
20 0.060 C 1.007 /-0.114 0.98
40 0.180 C 0.995/0.301 >0.99
100 -0.001 C 1.025/-0.324 0.98
120 -0.042 C 1.023 /-0.325 >0.99
180 -0.052 C 1.008 /-0.145 0.98
300 -0.011 C 1.016/-0.169 >0.99
500 -0.014 C 1.012/-0.112 >0.99




Statistics for 2S 140W Field Test
Daily Averaged Data

Mean Linear Regression
Difference Regression Coefficient

(slope/intercept)

1 Conductivity | 0.0115 mS/cm | 0.980/0.062 >0.99

1 Temperature -0.019C 0.999/0.006 >0.99

40 -0.024 C 0.999/0.001 >0.99

60 -0.289 C 0.991/0.184 0.96
100 -0.005 C 0.993/0.144 0.70
120 0.071 C 0.996/0.239 0.82
180 0.014 C 1.005/-0.089 0.80
300 0.003 C 0.984 /0.220 0.91

500 0.004 C 0.987/0.155 0.88




2S 140W Deployment a

Mean Linear Regression
Difference Regression Coefficient
(slope/intercept)
Salinity 1| -0.043 PSU 0.882/4.200 0.98
Temperature 1 0.016C 0.998 /-0.011 >0.99
40 0.021 C 0.997 / 0.065 >0.99
60 0.027 C 0.965/0.830 0.97
120 -0.062C 0.977/0.442 0.98
140 0.015C 0.969/0.428 0.97
180 0.006 C 0.979/0.269 0.96
300 0.003 C 0.965/0.396 0.97
500| -0.005C 0.992/0.070 0.96




2S 140W Deployment b

Mean Linear Regression
Difference Regression Coefficient
(slopelintercept)
Salinity 1| 0.040 PSU | 0.472/18.640 0.40
Temperature 1 0.028C 1.008 /-0.223 >0.99
20 0.031C 1.009 /-0.264 >0.99
60| 0.040C 0.989/0.246 0.98
80| 0.208C 0.931/1.549 0.85
120 0.277C 0.851/2.190 0.91
140 0.147C 0.794 / 2.780 0.88
180 | 0.099 C 0.915/0.976 0.895
300| 0.045C 0.981/0.167 0.96
500| 0.108C 0.880/0.921 0.94




Statistics for 9N 140W Field Test

10 Minute Data

Depth (m) Mean Standard Deviation | Regression R

20 26.13/26.22 0.940/0.943 0.99

40 24.35 | 24 .41 2.571/2.587 0.72
100 12.62/ 12.64 0.513/0.525 0.84
120 12.02 / 11.97 0.309/0.315 0.82
140 11.60 / 11.56 0.226 /0.230 0.81
180 11.05/ 11.01 0.176/0.175 0.82
300 9.97/9.96 0.150/0.150 0.72
500 7.9717.96 0.320/0.321 0.86




Salinity

Salinity

2S 140W Deployment b
1 m Salinity

b Deployment: Salinity Dates [12-May-2008 12:10:00] to [30-Aug-2008 20:50:00]

aDeployment: Salinity Dates [03-Oct-2007 05:40:00] to [07-Apr-2008 11:00:00]
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Statistics for 2S5 140W Field Test
Deployment a - 10 Minute Data

Depth (m) Mean Standard Deviation Variance
Refresh/Legacy Refresh/Legacy

1| 24.569 /24.599 1.030/0.943 0.002

40| 24.679/24.700 1.357 /1 1.354 0.008

60 | 24.214 / 24.241 1.194 /1.196 0.097

120 | 16.683/ 16.621 3.012/ 3.006 0.445

140 | 14.378/14.393 1.687 / 1.693 0.155

180 | 13.002/13.008 0.371/0.365 0.010

300 | 11.448/11.451 0.388/ 0.390 0.009

500| 7.841/7.836 0.350/0.338 0.010




Statistics for 2S5 140W Field Test
Deployment b - 10 Minute Data

Depth (m) Mean Standard Deviation Variance

1| 26.423 / 26.452 0.769/0.759 0.002

20| 26.346/26.385 0.772/0.763 0.001

60 | 26.229/26.269 0.773/0.769 0.021

80| 25.182/25.397 1.534 /1.395 0.672

120 | 16.310/16.585 1.920/ 2.045 0.757

140 | 14.063 / 14.212 0.792/0.773 0.174

180 | 12.523/12.623 0.418 /0.409 0.036

300 | 11.067/11.112 0.294 /0.287 0.008

500| 8.456/8.562 0.413/0.441 0.023




SeaBird Sensor Calibrations

Depth | 2S 140W | Drift (yr) | 9N 140W | Drift (yr)
S1m| SN 4754 | 0.00180
T 1m| SN 4754 | -0.00009 | SN 4751 | -0.00032
T20m | SN 3181 |-0.00010 | SN 3188 | -0.00026
T 40m | SN 3162 |-0.00016 | SN 3512 | 0.00008
T 60m | SN 3201 |-0.00014 | SN 3194 | -0.00010
T 80m | SN 3166 |-0.00020 | SN 3513 | 0.00009
T 100m | SN 3172 | -0.00020 | SN 3514 | 0.00003
T 120m | SN 3208 | -0.00007 | SN 3510 | 0.00016
T 140m | SN 3205 |-0.00010 | SN 3511 | 0.00008
T 180m | SN 3147 | -0.00023 | SN 3189 | 0.00011
TP 300m| SN 3523 | 0.00010 | SN 3602 | 0.00029
TP 500m| SN 3226 |-0.00023 | SN 3601 | 0.00001




120 m Temperature Excursions

Temperature (deg C)

Temperature (deg C)

2S 140W Deployment a

aDeployment: Temperature 120 m Dates [03-Oct-2007 06:40:00] to [11-May-2008 18:10:00]
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Internal \Wave Example

9n140w Ts 20-500 m

3380 6757 10138 13517 16836 20275 23654 27033

Time (10 min ints)

9N 140W Temperatures at 40 Meters
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2S 140W Deployment b

aDeployment: Temperature 40 m Dates [03-Oct-2007 06:40:00] to [11-May-2008 18:10:00] b Deployment: Temperature 20 m Dates [12-May-2008 06:20:00] to [27-Oct-2008 16:30:00]
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Preliminary Results

TAO is currently in transition
— Operational data supplied by Legacy System

— Refresh system and sensors are being deployed and
tested

— Full Operational Capability expected in 2015
Climate principles are being observed
—"Managing network change

— Parallel testing.

— Data quality and continGity”

— Continuity of purpose

- Comparisons are reasonable
— Both systéms exhibit‘the same gal by characteristics

— Variability in oceanogfaph yrover’5.,|9m and 10.minute is
challenging, but quiéscent timesfindicaté’

Testing continues at NDB@-and PM

— Measures to insure“that data bemg compared are the
“same” (calibrations, etc.)

J| — Data from all present-sites-are available




Conclusions

 NDBC is currently operating TAO
— Website is operational, www.tao.noaa.gov
— NDBC technicians service the.TAO array

— Dga management
— Rayload is stable

~Iridium communications (> 98%)
— Sensors suppliedby PMEL

+ Refresh Sensok ;foﬁrts ,,.,_-_” o
_aboratory sensor tests comple
n situ, side-by- -side e testing”continues
?efresh data are available over the GTS s”" A

- { ‘ -
<
% $
<4
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